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In applying the present invention to treating a multidrug addict or a patient who has symptoms of having become 
dependent on, tolerant of, or addicted to a benzodiazepine drug, administration of a benzodiazepine drug to the patient 
is continued, at least initially, and melatonin is concurrently administered to the patient an amount which is effective to 
alleviate at least one of such symptoms. 

In a particular embodiment of such treatment, either one of the benzodiazepine drug and the melatonin may be in 
the form of a pharmaceutical formulation adapted for oral, rectal, parenteral or transdermal administration and which 
comprises at least one diluent, carrier or adjuvant. Alternatively, benzodiazepine drug and melatonin may each be 
administered thus formulated, either separately, or may be combined into a single pharmaceutical formulation including 
both diazepine drug and melatonin. 

In relation to the administration of the melatonin, whether administered separately from or together with one or 
more benzodiazepine drugs, administration may be effected at a daily dosage rate which e.g. lies within the range of 
0.01-100 mg; it may be administered in the form of a controlled release formulation. Illustratively, 1-2 mg melatonin in 
the form of a controlled release formulation may be administered at night. The melatonin may be administered together 
with a melatonin receptor modifier or a melatonin profile modifier. Examples of melatonin receptor modifiers are short- 
acting benzodiazepines such as Oxazepam; examples of melatonin profile modifiers are benzodiazepines, beta-block- 
ers and serotonin uptake inhibitors. Instead of. or in addition to, use of such a profile modifier, the melatonin profile may 
be modified by subjecting the patient to the effect of light, before, after or during administration of melatonin. 

The benzodiazepine drugs referred to herein may give rise to symptoms of dependence, tolerance and/or addic- 
tion. Without prejudice to this generality, such drug or drugs may be one or more of, e.g., Alprazolam, Chlordiazepoxide, 
Clorazepate, Diazepam, Flunitrazepam, Flurazepam, Haiazepam, Lorazepam, Oxazepam, Prazepam, Temazepam 
and Triazolam, as indicated above. 

In one alternative embodiment of applying the invention to treating the above-mentioned symptoms, the benzodi- 
azepine drug(s) is(are) initially continued to be administered to the patient, concurrently with the melatonin, at a daily 
rate substantially the same as that received by the patienl prior to commencing treatment with melatonin. In another 
alternative embodiment of applying the invention in treating such symptoms, the benzodiazepine drug(s) is (are) admin- 
istered to the patient, concurrently with the melatonin, at a progressively decreasing daily rate compared with that 
received by the patient prior to commencing treatment with melatonin. In this embodiment, the progressively decreasing 
daily rate of administration may be continued, e.g., until a predetermined stabilized rate of administration is achieved, 
or alternatively, e.g., until the amount of benzodiazepine drug administered is zero. 

In applying the invention lor preventive purposes, i.e. in treating a patient who has been clinically diagnosed as hav- 
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ing a condition susceptible to alleviation by administration of a benzodiazepine drug, while simultaneously preventing 
the occurrence in the patient of symptoms of dependence on, tolerance of, or addiction to said benzodiazepine drug, a 
benzodiazepine drug is administered in an amount effective to alleviate said condition, while concurrently administering 
to the patient an amount of melatonin which is effective to prevent at least one of such symptoms. The various embod- 
. . .. . . - ihn etataH eumntnmfR'i nre also corresoondinalv act>li- 
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Description 

The present invention relates to melatonin for use in the manufacture of a medicament for treating, or for prevent- 
ing, symptoms of dependence on, tolerance of, or addiction to benzodiazepine drugs, for treating multidrug addicts and 
to a pharmaceutical formulation, for use in such treatments 

Dependence on benzodiazepines often develops in insomniacs who use them for the induction of sleep and in 
multi-drug addicts who in the process of withdrawal from narcotics, become addicted to benzodiazepines to ease anx- 
iety and convulsions. Moreover, chronic benzodiazepine administration (where the benzodiazepines usually have long 
half-life values) may induce tolerance, expressed by an ineffective increase in dosage, by an unknown mechanism. Fur- 
thermore, rebound or "withdrawal" phenomena which often follow abrupt cessation of these drugs, as observed both in 
animals and humans lead to addiction (Qreenblatt, D.J., and Shader, R.I., Drug Metab. Rev., 1978, 8: 13-28). In the 
1 990 US National Household Survey of the Use of Psychotherapeutic Medications, about 8% of the medical users of 
hypnotics advanced a prescribed dose on their own , which is an increase of 25% as compared to former report in 1 979. 
Taking into consideration that the survey found that 2.6% of the US population took benzodiazepine hypnotics (as com- 
pared to 2.4% in 1979) the number of individuals in the US only who do develop tolerance and dependence may be 
estimated at 560,000. These values do not include substance use outside medical or social norms and multiple drug 
abuse. No method of rapid withdrawal followed by an effective alternative treatment has yet been reported in patients 
who developed dependence on benzodiazepine hypnotics and this problem is a great obstacle in the rehabilitation and 
recovery of narcotic drug addicts. 

It is well known that melatonin, an indole-derived hormone produced at night by the pineal gland , plays a major role 
in mediating the circadian sleep-wake cycle and in the regulation of sleep. There is also some evidence that melatonin 
can increase benzodiazepine efficacy, see, e.g.. Cardinal!, D.P. et al, Adv. Biochem. Psychopharm., 1986, 42: 155- 164; 
AcunaCastroviejo, D„ etal, J. Pineal Res., 1986, 3: 101-102; and Niles, LP. etal, J. Neural Transm. 70: 117-124]. Also, 
melatonin can enhance the anxiolytic effects of diazepam In mice (Guardtola-Lemaitre, B. et al, Pharmacol. Biochem. 
Behav., 1992, 41, 405-4080). On the other hand, it has been suggested that benzodiazepines could, in some species 
including humans, potentiate GABA-induced inhibition of melatonin synthesis and secretion (Mclntyre, I.M. et al, Biol. 
Psychiat., 1988, 24: 105-108) and that nocturnal enhancement of plasma melatonin could be suppressed by benzodi- 
azepines in humans, thus leading to distortion in the diurnal melatonin rhythm (Kabuto, M. etal, Endocr. Japon., 1986, 
33, 405-414). Moreover, it has been observed that chronic treatment with oxazepam modified the diurnal variations in 

i the density of melatonin receptors at night in the rat brain and that this effect was not observed in pinealectomized ani- 
mals (Anis, Y et al, J. Neural Transm., 1992, 89: 155-166). 

It has surprisingly been found in connection with the present invention that administration of melatonin concurrently 
with benzodiazepine drugs can potentially (1) wean a patient away from dependence on, addiction to, or tolerance of 
such drugs, and (2) in the case of a patient who has been diagnosed as requiring a benzodiazepine drug (where such 

! undesirable symptoms have not yet occurred), prevent the occurrence of such symptoms. 

DESCRIPTION OF THE INVENTION 

The present invention thus provides in one aspect, use of melatonin in the manufacture of a medicament for treat- 

3 ing a multidrug addict, or a patient who has symptoms of having become dependent on, tolerant of, or addicted to a 
benzodiazepine drug, or for treating a patient who has been clinically diagnosed as having a condition susceptible to 
alleviation by administration of a benzodiazepine drug, while simultaneously preventing the occurrence in the patient of 
symptoms of dependence on, tolerance of, or addiction to said benzodiazepine drug. 

In another aspect, the present invention provides a pharmaceutical formulation, for use in treating a multidrug 

5 addict, or a patient who has symptoms of having become dependent on, tolerant of, or addicted to a benzodiazepine 
drug or for treating a patient who has been clinically diagnosed as having a condition susceptible to alleviation by 
administration of a benzodiazepine drug, while simultaneously preventing the occurrence in the patient of symptoms ot 
dependence on, tolerance of, or addiction to said benzodiazepine drug, which comprises at least one diluent, carrier or 
adiuvarrl and as active ingredients a benzodiazepine drug and melatonin. 

-,o The said medicament may be a pharmaceutical formulation adapted for oral, rectal, parenteral or transdermal 
administration and which comprises at least one diluent, carrier or adjuvant, and may be additionally characterized by 
at least one of the following features: (i) it is in unit dosage form, each unit dosage comprising an amount of melatonin 
which lies within the range of 0.0025-1 00 mg; (ii) it is in the form of a controlled release formulation, wherein the mela- 
tonin is preferably released at a predetermined controlled rate: (iii) it comprises also at least one melatonin receptor 

55 modifier and/or melatonin profile modifier. The medicament may comprise also, and the J**"™^*™^ 
according to the invention comprises, at least one benzodiazepine drug, such as at least one of Alprazolam, Chlo- 
rdiazepoxide, Clorazepate, Diazepam, Flunitrazepam, Flurazepam, Halazepam, Lorazepam, Oxazepam Prazepam, 
Temazepam and Triazolam. The formulation which comprises at least one benzodiazepine drug may also be character- 
ized further by one or more of the features (i), (ii) and (iii) as described above. 
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In applying the present invention to treating a multidrug addict or a patient who has symptoms of having become 
dependent on, tolerant of, or addicted to a benzodiazepine drug, administration of a benzodiazepine drug to the patient 
is continued, at least initially, and melatonin is concurrently administered to the patient an amount which is effective to 
alleviate at least one of such symptoms. 

s In a particular embodiment of such treatment, either one of the benzodiazepine drug and the melatonin may be in 

the form of a pharmaceutical formulation adapted for oral, rectal, parenteral or transdermal administration and which 
comprises at least one diluent, carrier or adjuvant. Alternatively, benzodiazepine drug and melatonin may each be 
administered thus formulated, eilher separately, or may be combined into a single pharmaceutical formulation including 
both diazepine drug and melatonin. 

10 In relation to the administration of the melatonin, whether administered separately from or together with one or 
more benzodiazepine drugs, administration may be effected at a daily dosage rate which e.g. lies within the range of 
0.01-100 mg; it may be administered in the form of a controlled release formulation. Illustratively, 1-2 mg melatonin in 
the form of a controlled release formulation may be administered at night. The melatonin may be administered together 
with a melatonin receptor modifier or a melatonin profile modifier. Examples of melatonin receptor modifiers are short- 

is acting benzodiazepines such as Oxazepam; examples of melatonin profile modifiers are benzodiazepines, beta-block- 
ers and serotonin uptake inhibitors. Instead of, or in addition to, use of such a profile modifier, the melatonin profile may 
be modified by subjecting the patient to the effect of light, before, after or during administration of melatonin. 

The benzodiazepine drugs referred to herein may give rise to symptoms of dependence, tolerance and/or addic- 
tion. Without prejudice to this generality, such drug or drugs may be one or more of, e.g., Alprazolam, Chlordiazepoxide, 

so Clorazepate, Diazepam, Flunitrazepam, Flurazepam, Halazepam, Lorazepam, Oxazepam, Prazepam, Temazepam 
and Triazolam, as indicated above. 

In one alternative embodiment of applying the invention to treating the above-mentioned symptoms, the benzodi- 
azepine drug(s) is(are) initially continued to be administered to the patient, concurrently with the melatonin, at a daily 
rate substantially the same as that received by the patient prior to commencing treatment with melatonin. In another 

25 alternative embodiment of applying the invention in treating such symptoms, the benzodiazepine drug(s) is (are) admin- 
istered to the patient, concurrently with the melatonin, at a progressively decreasing daily rate compared with that 
received by the patient prior to commencing treatment with melatonin, h this embodiment, the progressively decreasing 
daily rate of administration may be continued, e.g., until a predetermined stabilized rate of administration is achieved, 
or alternatively, e.g., until the amount of benzodiazepine drug administered is zero. 

so In applying the invention tar preventive purposes, i.e. in treating a patient who has been clinically diagnosed as hav- 
ing a condition susceptible to alleviation by administration of a benzodiazepine drug, while simultaneously preventing 
the occurrence in the patient of symptoms of dependence on, tolerance of, or addiction to said benzodiazepine drug, a 
benzodiazepine drug is administered in an amount effective to alleviate said condition, while concurrently administering 
to the patient an amount of melatonin which is effective to prevent at least one of such symptoms. The various embod- 

35 iments described above as applicable to treating a patient having the stated symptom(s) are also correspondingly appli- 
cable to preventive purposes, except insofar as they will not be applicable for reasons which are self-evident to a person 
of the art, e.g. in this instance treatment with a benzodiazepine drug is a desideratum, so that evidently the amount of 
benzodiazepine administered, while possibly being reduced in any particular case as determined by a physician, will 
not be reduced to zero. 

ao However, it will be within the scope of the preventive application of the invention, not only to administer, concurrently 
with melatonin, the benzodiazepine drug(s) at the conventional daily dosage rate to achieve a particular purpose, but in 
the alternative to similarly administer such drug(s) at a daily rate which is less than that which is conventionally admin- 
istered to a patient in order to alleviate said condition. 

As stated above, the invention also extends to a pharmaceutical formulation which includes at least one a benzo- 

45 diazepine drug and melatonin. Since benzodiazepine drugs are usually administered 1 -4 times daily, a daily rate of 
0.01-100 mg melatonin, administered typically at night, in the same formulation as the benzodiazepine(s), or even if 
administered separately therefrom, will illustratively be achieved by administering benzodiazepines as follows: 



days 


unit dosage of benzo- 




diazepines within the 




range 




0.01 -100 mg 


2 


0.05- 50 mg 


3 


0.033- 33.3 mg 


4 


0.025- 25 mg 
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Thus, when the pharmaceutical formulation of the invention is in unit dosage form, each dosage unit is preferably 
administered at night and preferably comprises an amount of melatonin within the range 0.0025-100 mg. 

The following Table gives the amounts of benzodiazepine drugs usee for treating the stated conditions in adults. For 
further information, e.g. as to reservations, half-life, forms of administration and suitable dosages for children or infants, 
s see Goodman & Oilman's "The Pharmacological Basis of Therapeutics", 7th Edition, 1985 (MacMiHan Publishing Co.), 
the passages relating to use of benzodiazepines {e.g. pp. 352, 437), all of which passages are incorporated herein by 
reference. 



10 


Benzodiazepine 


Content of unit oral dosage mg (x 


Usual daily oral 






per day) 


dose*, Anxiolytic 






Sedative 


Hypnotic 






Alprazolam 






0.75-1.5 


15 


Chlordiazepoxide 


10-100 (1-3) 


50-100 


15-40 




Clorazepate 


3.75-15(2-4) 


15-30 


30 




Diazepam 


5-10(3-4) 


5-10 


4-40 


20 


Flurazepam 




15-30 


60-160 




Halazepam 
Lorazepam 




2-4 


2-6 




Oxazepam 


15- 30 (3-4) 


15- 30 


30- 60 


25 


Prazepam 






20-40 




Temazepam 




15-30 






Triazolam 




0.25-0.5 





*mg, generally divided into 2-4 unit doses; lor further inlormalion including 
parenteral dosage rates, see Goodman & Oilman, Ipc cit 



The preparation and release profile of formulations for use in accordance with the invention or its applications are 
illustrated below. 

(a) There were compressed in a 7 mm cylindrical punch at 2.5 tons, after dry mixing of the powdered materials, 
namely 2 mgAaUet melatonin (Biosynth Co., Switzerland) and acrylic resin carrier (Rohm Pharma), which was 
Eudragit RS100 (formulation SR-Ms) or Eudragit RSPO (formulation SR-Mf), besides other components as noted. 
formulation SR-Ms : Eudragit RS100 48.8%, lactose 50%, melatonin 1 .2%; forriujafion S_RM: Eudragit RSPO 
35.3%, lactose 1 6.7%, calcium hydrogen phosphate 41 .4%, talc 1 .3%, magnesium stearate 4%, melatonin 1 .3%. 
SR-Ms and SR-Mf are sustained release formulations. 

A conventional dosage form (RM) was prepared similarly to formulation SR-Mf, but using lactose in place of 
Eudragit as carrier. , 

(b) The potential release profile of the tablets prepared as described in paragraph (a), was first investigated by in 
vitro. dissolution of melatonin therefrom in distilled water at 37°C. The results in Table A show the % of the melatonin 
content (mean value of 6 tablets) which has dissolved at the stated intervals of time. 
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Table A 



Time(hours) 


1 


2 


i 


6 


8 


10 


melatonin (%) 
released from: 














SR-Ms 


12 


29 


62 


84 


90 


100 


SR-Mf 
RM 


32 
93 


51 
96 


76 
100 


88 


100 





is (c) The in vivo, profile of the SR-Mf tablets prepared as described in paragraph (a), was investigated by oral admin- 
istration twice to a healthy male (age 36) at 10 a.m., i.e. when circulating melatonin levels are undetectable. The 
amount of melatonin released in yjyo was determined by radioimmunoassay of its major metabolite, 6-sulpha- 
toxymelatonin, in the urine. The amount of urinary 6-sulphatoxymelatonin closely reflects the blood level of the hor- 
mone. The results in Table B show the melatonin determined as a % of the total melatonin administered {mean 

20 value of 2 tablets). 



Table B 



In vfvo release of melatc 


xiin fror 


n SR-Mf 








Time(hours) 


1 


2 


4 


6 


8 


10 


% release at intervals 


10.7 


25.7 


40.6 


14.0 


7.0 


1.9 


cumulative release % 


10.7 


36.4 


77.0 


91.0 


98.0 


99.9 



It is noted that the release of melatonin in yjtra, illustrated in Table A, provides only an approximate indication of the in 
vivo release profile due to the known phenomenon of the active compound being absorbed by the tissues in the early 
35 stages of release. 

The amount of melatonin in the sustained release formulations may be changed e.g. to 0.5, 1 or 5 mg/tablet, with- 
out affecting the release pattern found for the tablets containing 2 mg/tablet melatonin. 

Insofar as analogues of melatonin which substantially imitate the function of melatonin in the human body are 
known in the art, it will be appreciated that such analogues are deemed to be obvious chemical equivalents of mela- 
40 tonin, in the present context. 

In accordance with the present invention, one or more benzodiazepines may be incorporated in the above formu- 
lations, in amounts which have been described herein. 

The invention will now be illustrated by the following Examples. 

45 EXAMPLE 1 

The reciprocal effects of chronic benzodiazepine and melatonin administration on brain melatonin and benzodi- 
azepine receptors and the ability of melatonin to reverse these effects were studied. Male rats were maintained on a 
daily 14 h light:10 h darkness schedule (lights-on 05 00h; cool white fluorescent illumination) at 24±2°C. Food and 

so drinking water were supplied ad libitum. The animals (2 months old), were divided into 4 groups, 5 animals in each. The 
animals in one group (CON) were injected i.p. daily at 16:00 h with vehicle (200 |il saline). Those in the second group 
(VAL) were injected daily, i.p. at 16:00 h with diazepam (1 mg in 200 m-1 vehicle; Roche). The animals of the third group 
(MEL) were injected daily at 16:00 h with vehicle; the drinking water of this group contained melatonin (4 mg dissolved 
in 100 ul ethand and diluted to 1 liter). The animals in the fourth group (VAL/MEL) were injected daily at 16:00 h with 

55 diazepam (1 mg in 200 ul vehicle) ; the drinking water of this group contained melatonin (4 mg dissolved in 100 \ii eth- 
anol and diluted to 1 liter), After 21 days the treatment was stopped and the animals were weighed. The mean body 
weight values in the VAL (274±20 g) and VAL/MEL groups (23S±30 g) were found to be slightly lower than those in CON 
(292±30 g) or MEL groups (285±30 g). 
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The animals were decapitated between 18-1 9.00 h of the next day (at this time the density of 2- 125 l-iodomelatonin 
in the medulla pons should be maximal); their brains were rapidly removed and crude synaptosomal pellets were pre- 
pared as described, and melatonin receptors were assessed, as described by Laudon. M. and I Zisapel, N., FEBS Lett., 
1986, 197: 9-12. Benzodiazepine receptors were assessed by measuring 3 H-flunitrazepam ( 3 H-FNZ) and 3 H-RO 15- 

s 1788 binding as described by Amiri, Z. et al. Brain Res., 1991, 553: 155-158. Binding parameters were calculated from 
the equilibrium binding data. Bmax values represent the specific binding of 2- 125 l-iodomelatonin, 3 H-FNZ or H-RO 1 5- 
1788 at saturation, and Kd values are the apparent dissociation constants. Binding parameters of the various groups 
were compared by analysis of Variance followed by Student-Newman-Keul's test for multiple comparisons. Differences 
were considered significant if P<0.05. Daily injections of diazepam (1 mg i.p at 16.00 h) to mala rats for 3 weeks mark- 

,o edly reduced the density of 2- 125 l-iodomelatonin binding sites in the medulla-pons (Table 1), whereas benzodiazepine 
binding was not significantly affected (Table 2). If melatonin receptors are related to the control of the sleep-wake cycle, 
the results suggest that chronic benzodiazepine administration results in the diminution of melatonin-responsive mech- 
anisms and consequent physiological activities. 

Melatonin, given orally via the drinking water for 3 weeks, significantly enhanced 3 H-RO 15-1788 binding in the 

is medulla pons (Tables 2,3), whereas 2- 125 l-iodomelatonin binding was not affected. The increase in benzodiazepine 
binding site density and apparent Kd in the medulla-pons induced by the melatonin treatment, is compatible with the 
augmentation observed previously in the rat cortex, and shown to be mediated by opioid peptides (Qomar, M.D. et al, 
Neuroendocrinology 1 993, 4:987-990). The fact that this enhancement persists even in diazepam-treated animals may 
rule out competition between melatonin and benzodiazepines on the benzodiazepine binding sites. 

20 Daily administration of both diazepam and melatonin, enhanced 3 H-RO 15-1788 binding in the medulla pons, and 
reversed thediazepam-induced suppression of 2- 125 l-iodomelatonin binding in this area (Tables 1 ,2). These results are 
surprising since as previously shown (Anis, Y. et al, in melatonin binding sites in the hamster brain: impact of melatonin. 
Wlolec. Cell. Endocrinol., 1989, 67: 121-128; Oaknin-Bendahan, S. et al, J. Basic Clin. Physiol. Pharmacol.. 1992. 3: 
253-268) and is also confirmed in the present study, administration of melatonin by morning or evening injections, or 

25 orally via the drinking water, does not affect the density or diurnal variations in melatonin binding sites in most brain 
areas including medulla-pons. Moreover, pinealectomy does not abolish the diurnal variations in 2-^ s l-iodomelatonm 
binding sites although it affects their phase position (Oaknin-Bendahan et al, 1992, ibid). Thus, changes in melatonin 
binding site densities might not be due to autoregulation of the receptor by melatonin. 

In the cerebral cortex, melatonin slightly reduced 3 H-RO 1 5-1788 and 3 H-FMZ binding. Diazepam treatment did not 

so significantly affect 3 H-RO 15-1788 and a H-FNZ binding but prevented the melatonin-mediated decrease (Tables 2.3). 
These data suggest firstly, that the effects of melatonin on benzodiazepine binding sites are localized, rather than gen- 
eral suppression or facilitation of the binding occurring, and secondly, that melatonin replacement therapy may counter- 
act some deleterious effects of chronic benzodiazepine treatment 

Table 1 shows equilibrium binding parameters of 2- 125 l-iodomelatonin binding sites in synaptosomal preparations 
35 from the medulla-pons area of diazepam and/or melatonin-treated and untreated rats, in terms of mean and S.D. values 
of Kd (in nM) and Bmax (in ^mol/mg protein). Values denoted by the same character In Table 1 do not differ significantly. 
(Codes having the same significance are also used in Tables 2 and 3, below.) 



40 



Table 1 



GROUP 



Kctfcsd 



Bmax+sd 



CON 



0.8740.2 a 



7.9±1.0a 



MEL 



1.16+0.3 a 



7.7±1.0a 



4S 



VAL 



0.98+0.21 a 



5.1±0.5 b 



VAL/MEL 



2.27+0.75 b 



12.5+2.0 c 



50 
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GROUP 



Ktffcsd 



CON 
MEL 
VAL 

VAL/MEL 



2.310.4 a 

2.a±o.2 a 

2.5±0.4 a 
2.6±0.5 a 



310±22a 
476426 b 



Table 3 shows the effect of diazepam or melatonin on 3 H-FNZ and 3 H-RO 15-1788 binding in rat cerebral cortex 
is membranes, in terms of mean and S.D. values (in (imol/mg protein). 



GROUP 
CON 
MEL 
VAL 

VAL/MEL 



3 H-FNZ 
935131 a 
765178 b 
870±22a 
980116 a 



1264199 a 
13621155 a 



30 EXAMPLE 2 

This Example illustrates the surprising action of melatonin in facilitating very rapid withdrawal from benzodiazepine 
drug tolerance. A 43 year old female, married with 2 children has been suffering from sleep onset insomnia for the last 
10 years accompanied by frequent and severe migraine attacks. A thorough neurological assessment was negative. 

as Psychiatric or other organic problems were also ruled out. Throughout these years she had been treated with benzodi- 
azepines, tricyclic antidepressants and neuroleptic drugs, as well as by biofeedback and relaxation methods, with no 
apparent relief. For the last year she has been using 4-8 mg Lorazepam every night. 

A thorough psychological assessment at the Sleep Laboratory of Tel Aviv University, did not disclose any significant 
pathology. The quality of sleep was assessed by an actigraph tracing which automatically monitors the bedtime sleep- 

40 wake pattern through a small device attached to the hand wrist. The tracing was recorded for 3 consecutive days and 
showed a deranged sleep pattern: reduced efficiency, long sleep latency and multiple waking episodes. Urine was col- 
lected every 3 hours (for 36 hours) and assayed for the major melatonin metabolite: 6-sulphatoxymelatonin, as an indi- 
cator for the diurnal secretion of plasma melatonin. Results showed that 6-sulphatoxymelatonin excretion levels were 
lower than for aged-matched individuals, and lacked the typical circadian rhythm (TABLE 4). 

45 Oral administration of a controlled-release melatonin formulation in the form of tablets containing 1 mg melatonin 
(Neurim Pharmaceuticals, Israel) was initiated, in order to correct for the deficiency and distortion of the melatonin 
rhythm. One tablet was administered daily at 8:30 pm. The patient was asked to gradually reduce the number of ben- 
zodiazepine tablets taken each night. Surprisingly, within 2 days, the patient stopped using the benzodiazepine hypno- 
tics altogether, and claimed that her insomnia has improved remarkably. In addition, her headaches also subsided 

so gradually. A repeated actigraph tracing after 3 weeks treatment showed marked improvement in sleep pattern. 

The treatment was stopped and 2 weeks afterwards urine was collected again every 3 hours (for 36 hours) and 
assayed for 6-sulphatoxymelatonin. The results (Table 4) indicated an increase in amount and a clear nocturnal peak 
of urinary 6-sulphatoxymelatonin. A 5-month follow-up has confirmed that the patient still maintains her quality of sleep 
and hardly suffers from headaches. After 6 months without treatment sleep quality began to deteriorate and melatonin 

55 therapy was resumed. 

This case-report indicates potentially a breakthrough in relieving many patients whose quality of life has been 
impaired by addiction to benzodiazepine hypnotics. Administration of exogenous melatonin may moreover serve as a 
means of rapid and symptomless withdrawal from benzodiazepines in tolerant patients. 
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Table 4 



Urinary 6-sulphatoxymelatonin in benzodiazepine- 
depsndent patient before and after melatonin tnerapy 
(ng/hour) 


Time 


before treatment 


after treatment 


15.00 


0.3 


0.11 


18.00 


0.16 


0.45 


21 .00 


0.18 


0.11 


24.00 


0.13 


1.24 


3.00 


0.23 


0.74 


6.00 


0.23 


0.36 


9.00 


0.22 


0.21 


12.00 


0.13 


0.01 


15.00 


0.22 


0.04 



25 EXAMPLE 3 

This example illustrates the effects of long term administration of melatonin in the treatment of insomnia in patients 
dependent on a benzodiazepine drug. 

Two volunteers, Y.L . an 80 year old male, and E. L. . a 73 year old female, had each suffered for a number of years 
30 from insomnia and/or frequent awakenings during the night accompanied by difficulty in resuming sleep afterwards. 
Both were found to have low melatonin secretion, by determination of the amount of the metabolite 6-sulphatoxymela- 
tonin, in the urine. Both patients had been taking 1-2 mg of f lunftrazepam orally prior to retiring each evening. 

Each patient was weaned off the flunitrazepam by gradually reducing the dose and simultaneously adm.mster.ng 
melatonin orally (2 mg melatonin daily in controlled release form) over a two-month period. Since the end of that period, 
as each patient has continued taking melatonin in the same form and at the same dosage rate over approximately two 

yeai Each patient has subjectively reported good sleep inducement and a substantial improvement in sleep quality. Spe- 
cifically, patient E.L. noted an improvement in sleep quality at the beginning of the weaning period and Y.L. noted a sim- 
ilar effect about two weeks into the weaning period. Each patient reported reduced fatigue during the daytime within 
40 several days after the beginning of the weaning period, and also indicated that the melatonin has caused neither resid- 
ual tiredness in the morning, nor any hangover feeling. No side effects were reported by either patient. 

EXAMPLE 4 

45 This example, designed as a randomized, double-blind, crossover study, illustrates the ability of melatonin replace- 
ment therapy to improve sleep maintenance in chronic benzodiazepine drug-using elderly patients. 

The group of mean age 78 (SD=9.7) consisted of eight men and five women, all of whom complained of long-term 
insomnia and used various benzodiazepines for sleep induction. Urine was collected approximately every 4 hours for 
1 5 hours and the nocturnal excretion of 6-sulphatoxymelatonin, the major urinary metabolite of melatonin, was assayed 

bo in duplicate by RlA. Urine analysis of these patients showed low and delayed 6-sulphatoxymelaton.n excretion (<14 w 
per night compared with 25 |ig per minute in young adults). The study protocol consisted of two treatment periods of 
three weeks each, with one week wash-out interval between the two treatment periods. During the treatment periods, 
patients were administered orally either 2 mg controlled-release melatonin tablets, or placebo, two hours before bed- 
time. Five patients continued the melatonin treatment for a period of two months beyond the initial expenmerrtal period. 

55 Patients' sleep was objectively assessed at the erri of each treatment period for three consecutive nights using a 
wrist-worn actigraph. Motion recordings were anaJysed using the Neurim algorithm to determine sleep « 
efficiency, total slepp time, wake after sleep onset and number of awakenings, as an average over three nights for each 

eters between the melatonin and placebo treatment periods' ranks. The results are shown ,n Table 5. 
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Table 5_: Effect on sleep parameters of melatonin replacement of 
benzodiazepine drugs. 



Parameter after 3 weeks' treatment after +two months 

melatonin placebo melatonin treatment 



sleep } 




82* 




75* 


85* 


efficiency) 


z 


- -2.82, 


? 


- 0.005) - 




sleep latency . 




17 mins 




39 mins. 


7 mins. 




z 


= -2.12. 


P 


« 0.03) 




wake after ) 




59 mins 




76 mins. 


hi mins. 


sleep onset) 




= -2.00, 


P 


= 0.04) 




no. of awakenings 




11 




17 


10 




z 


- -2.70. 


P 


= 0.007) 




total sleep time 




386 mins 




375 mins. 


348 mins. 




z 


= -0.57. 


P 


= 0.58) 





From the above results, it is concluded that melatonin replacement therapy can improve sleep initiation and main- 
30 lenanoe in benzodiazepine drug-using elderly patients having a low endogenous melatonin output. The benelits of 
melatonin treatment increase with time, suggesting that reorganisation of the circadian system has occurred. 

Claims 

35 1 . Use of melatonin in the manufacture of a medicament for treating a multidrug addict, or a patient who has symp- 
toms of having become dependent on, tolerant of, or addicted to a benzodiazepine drug, or for treating a patient 
who has been clinically diagnosed as having a condition susceptible to alleviation by administration of a benzodi- 
azepine drug, while simultaneously preventing the occurrence in the patient of symptoms of dependence on, toler- 
ance of, or addiction to said benzodiazepine drug. 

40 

2. Use according to claim 1 , wherein said medicament comprises a pharmaceutical formulation adapted for oral, rec- 
tal, parenteral or transdermal administration and which comprises at least one diluent, carrier or adjuvant. 

3. Use according to claim 2, wherein said pharmaceutical formulation is additionally characterized by at least one of 
45 the following features: 

(i) it is in unit dosage form, each unit dosage comprising an amount of melatonin which lies within the range of 
0.0025-100 mg; 

(ii) it is in the form of a controlled release formulation, wherein the melatonin is preferably released at a prede- 
so termined controlled rate; 

Oil) it comprises also at least one melatonin receptor modifier and/or melatonin profile modifier. 

4. Use according to either claim 2 or claim 3, wherein said pharmaceutical formulation comprises also at least one 
benzodiazepine drug. 

55 

5. Use according to claim 4, wherein said benzodiazepine drug comprises at least one of Alprazolam, Chlordiazepox- 
ide, Clorazepate, Diazepam, Flunitrazepam, Flurazepam, Halazepam, Lorazepam, Oxazepam, Prazepam, 
Temazepam and Triazolam. 
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A pharmaceutical formulation, for use in treating a multidrug addict, or & patient who has symptoms of having 
become dependent on, tolerant of, or addicted to a benzodiazepine drug, or for treating a patient who has been clin- 
ically diagnosed as having a condition susceptible to alleviation by administration of a benzodiazepine drug, while 
simultaneously preventing the occurrence in the patient of symptoms of dependence on, tolerance of, or addiction 
to said benzodiazepine drug, which comprises at least one diluent, carrier or adjuvant and as active ingredients a 
benzodiazepine drug and melatonin. 

A pharmaceutical formulation according to claim 6, which is adapted for oral, rectal, parenteral or transdermal 
administration, and which is further characterized by at least one of the following features: 

(i) it is in unit dosage form, each unit dosage comprising an amount of melatonin which lies wrthin the range of 
0.0025-100 mg; 

(ii) ft is in the form of a controlled release formulation, wherein the melatonin is preferably released at a prede- 
termined controlled rate; 

(iii) it comprises also at least one melatonin receptor modifier and/or melatonin profile modifier. 



A pharmaceutical formulation according to either claim 6 or claim 7, wherein said benzodiazepine drug comprises 
at least one of Alprazolam, Chlordiazepoxide, Clorazepate, Diazepam, Flunitrazepam, Flurazepam, Halazepam, 
Lorazepam, Oxazepam, Prazepam, Temazepam and Triazolam. 



